Improvement in tree tenure and benefit sharing mechanisms has encouraged farmers with or without land to invest in economic tree planting in Ghana. This has been influenced by a policy reform which gives right of ownership to individuals who engage in tree planting coupled with a national reforestation programme. However, little is known regarding the contributions of small-scale tree planting in mitigating climate change at farm level. This study ther efore explores the views of smallholder farmers in six villages in the Sefwi Wiaso, Asankrangwa and Offinso Forest Districts on how tree planting at farm level can reduce vulnerability and mitigate climate change. The study employed a household survey among 106 smallholder farmers, interviews of informants and validation meeting. Results revealed that farme rs involved in tree planting have adopted agroforestry models that have the potential to generate significant carbon stores. Th e study also revealed that institutional partnership and benefit sharing mechanism are crucial for the success of farm level t ree planting. The paper concludes by recommending public actor partnership with wide range of stakeholders to make small s caled farm level tree planting a reality in reducing vulnerability and mitigating climate change as well as serving as financi al incentive to famers.
Introduction
Climate change is considered to be one of the major threats to sustainable development because of its effects on health, infrastructure, settlements, agriculture and food security and forest ecosystems [10] . Thus, climate change has indirect effect on the wellbeing of society especially the forest fringe communities whose livelihoods fully or partially depend on forest resources. Paradoxically, forestry activities including afforestation and reforestation offer an important potential for reducing Green House Gas (GHG) emissions and increasing carbon sequestration [20] . Mitigation aims at activities of reducing greenhouse gas emissions and / or removal of CO2 from the atmosphere with the aim of stabilizing CO2 concentrations [19] . Forest thus contributes to the mitigation of climate change through: (i) Maintaining or increasing forest area through afforestation and reforestation, reduction of deforestation and forest degradation; (ii) Maintaining or increasing landscape-level carbon density through improvement of forest management, such as fire control; and (iii) Increasing off-site carbon stocks in wood products and enhancing product and fuel substitution through sustainable biofuel plantations [15; 10] . Similarly, conserving natural forest, planting new forests, rehabilitating degraded forests, enriching existing forests and eliminating agricultural practices that contribute to the deterioration of carbon reservoirs are effective ways of mitigating GHG emissions and their effects [14] . The mitigation potential of tree planting in off-reserve areas is highly dependent on variables such as improvement in governance of forest resources, clarification of forest and tenure, as well as use rights Farm Level Tree Planting in Ghana: Potential for Reducing Vulnerability and Mitigatin g Climate Change -20/28 in favour of local forest-dependent communities [20] . Vulnerability to climate change on the other hand is the degree to which geophysical, biological and socio-economic system are susceptible to, and unable to cope with, adverse impacts of climate change, including climate variability and extremes [10] .
There are different ways in which the forest sector can reduce vulnerability to climate change and these include: i) rehabilitation by development of more resilient agroforestry systems;
ii) undertaking tree plantations with selection of appropriate species and management practices; and iii) conservation practices including creation of fire barriers [20] . Thus, sustainable forest management (SFM) has been envisaged to contribute significantly towards the reduction of climate change [19] .
Ghana's Forest and Wildlife Policy of 1994 encourage economic tree planting [5] . Ghana intensified efforts in restoring its dwindling forests by launching the National Forest Plantation Development Programme (NFPDP) in 2001 with an overarching strategy that centre on government-community-private sector partnership in reforestation programmes in degraded forest reserves. Under this overall strategy, are sub-strategies of i) promoting government -community partnership with schemes such as the modified taungya system; ii) government-private sector partnership (i.e. Commercial plantation scheme) and iii) government hired labour scheme. These approaches have significantly driven the process of reclaiming Ghana's degraded forests through the reforestation schemes as well as enhanced forest community livelihoods [17] . Even though the NFPDP scope was towards reforestation in on-reserve forests, however, the programme also promoted tree planting at off-reserve areas.
In addition, the national initiatives were complemented by private companies and non-govemmental organisations to boost up tree planting amongst small-holder farmers in off -reserve areas. This was further strengthened during policy reform in 2002 that resulted in the amendment of the Timber Resource Management Act 547 to Act 617. The amended Act 617 makes provision for granting ownership rights to individuals who plant timber trees on farmlands.
Against this background, many landowning farmers in Ghana's high forest zone, taking inspiration from the policy reforms and incentives from the private, governmental and non-governmental institutions adopted different agroforestry models over the years [9] . Thus, afforestation and reforestation are currently the only forest management practices that contribute to the mitigation of climate change for which developing countries can be rewarded [20] .
The objective of this paper therefore is to provide insights into the governance arrangement and potentials of small-scale tree planting at farm level in reducing vulnerability and mitigating climate change. From the above objective, three research questions are addressed:
1. To what extent does governance arrangements (i.e. institutional, benefit sharing etc) favour farm level tree planting?
farm level tree planting?
3. How does small scale tree planting at farm level contribute to reducing vulnerability and mitigating climate change and challenges thereof?
1. Materials and Methods
.Study area and rationale for selection of sites
The study was conducted in three forest districts (i.e. Sefwi Wiawso, Asankrangwa and Offinso) in the high forest zone of Ghana. In each of these forest districts, two villages engaged in farm level tree planting were selected. The choice of the villages (i.e. Oda-Kotoamso and Akyekyere) in the Asankrangwa Forest District was based on their involvement in a private tree planting programme, i.e. a company-community partnership, under which a timber company supports farmers in its concession area to undertake farm level tree planting. It does so as a strategy towards increasing the stock of timber in the 
Results

Governance arrangements
Interview with the key informant revealed the different governance arrangements such as Institutional framework, tenure security, marketing of harvested trees, benefits sharing and alternative livelihoods are key factors identified to enhance: i) industry-farmers; ii) NGO-farmers and iii) self-initiated partnerships in tree planting at the three study forest districts. and rules that regulate tree planting in off-reserve areas. In making an effort to grant property titles to the farmers, a total of 212 farm plots with trees had been mapped and were being processed for registration and documentation as at November 2010. Furthermore, it was ascertained that Samartex had negotiated with landowners to make land available to farmers who do not have land for tree planting. For such arrangements, benefit-sharing on timber trees are distributed as follows: 33% for the chief/landlord and 67% for the farmer but 100% of food crops are for the farmer. In the case of planting timber trees in cocoa farms under a sharecropping arrangement, benefitsharing is based on the Abunu' sharing system (i.e 50% for the landlord and 50% for the tenant for both timber and crop benefits). In respect to marketing arrangement, Samartex has the first purchasing right to buy the harvested timber trees at prevailing market prices when harvested. Smartex is also exploring opportunities for farmers to engage in carbon credit schemes, through ongoing research to assess the carbon contents of planted trees. It was also revealed that the Company encouraged the farmers to integrate bee keeping in tree farms. partnership, the three factors seen to play a role were i) capacity building; ii) benefit sharing and tenure security. Farmers were organised into tree-grower associations, provided with seedlings, technical advice and equipment (e.g. water tanks).
Farmer-beneficiaries capacities were also built in tree planting techniques and alternative livelihood development. Farmers use individual or family/clan lands for tree planting thus are entitled to a 100% share of the food or cash crops and a 100% share of the tree benefits.
.3 Self-initiated projects in Offinso Forest District
Farmers in the Offinso forest district were seen not to have external supporting institutions compared to the two preceding districts. However, it was revealed that majority (73%) of the respondents are members of the Offinso Teak Growers Association (OTGA) that is composed of on-farm tree farmers from ten villages in the Offinso Forest District. The rationale for joining such association according to the respondents is to expand their access to external support and provide a strong voice for the welfare of tree growers. The OTGA liaises with the district FSD office for the provision of technical advice and capacity building in tree planting techniques and tree seedlings production to its members. Tree-planting farmers in this district totally rely on their own or on hired experts to survey and to find a market for their mature timber. This was observed to be disadvantage for the farmers since adhoc and low prices are given by the buyers. Only farmers with own land or land inherited from parents are able to engage in on-farm tree planting, with few opportunities for migrants to participate in such schemes. Farmers use their own or family/clan lands for tree planting. Therefore, they receive 100% of the crop benefits (all types) and 100% of the tree benefits. 
Factors influencing farmers' engagement
Using a household survey approach in the three study districts, farmers were asked to indicate the factors that facilitate their engagement in tree planting on farmlands.
2.2.1 Access rights to land to engage in farm level tree planting According to the farmers in the three districts as shown in Table 2 , land tenure security is a major factor influencing farmers' decisions to engage in tree planting. Majority (98%) of the respondents (including those who had inherited land) had own land available for tree planting or had own farmland with permanent crops with which timber tree planting could be integrated, though some of this group additionally took land from the chief, while others went into sharecropping arrangements. However, few (1%) of the respondents indicated that land provided by chiefs was the sole sources of land for tree planting.
Farmers' reasons of investing in farm level tree planting
Majority (77.2%) of the respondents across the three study forest districts indicated that the rationale of engaging in farm level tree planting was because of being owners of the planted trees which may serve as source of livelihoods and inheritance for their children as indicated in Table 3 . Across the three districts, there were also those who indicated reasons such as opportunity to plant one's own choice of tree species as well as crops. iii Planting of exotic timber species at boundaries of permanent agricultural crop (cocoa, orange and oil palm) farms.
• Using appropriate tree species and management prac- i Most farmers are inexperienced because on-farm timber tree planting is not based on farmers' traditional farming systems thus they must be trained before they can effectively integrate trees with crops.
ii Lack of funds for maintenance of tree farm especially after removal of food crops. This was reported by 63.0%, 22.2% and 8.7% of respondents from Offinso, Asankrangwa and Sefwi Wiawso Forest Districts respectively.
iii High labour and maintenance costs were mentioned by 45.7%, 18.5% and 5.3% of the respondents from Sefwi Wiawso, Asankrangwa and Offinso respectively. 
Discussion
Governance arrangements
Organisations provide appropriate structures to foster projects like farm level tree planting schemes [18] . Hence, the support of both government and non-government organisations play key roles in stimulating smallholder farmers' tree planting at the farm level. From the study, three mode of farm level tree planting observed were industry-farmers partnership, NGOFarmers partnership and Self-initiated project. In all these modes, the role of the public actor such as FSD and MOFA were found to be limited. However, public actor involvement in partnership approach based on cooperation between wide ranges of stakeholders is crucial for the success of tree planting and agroforestry schemes [9; 21] . The rationale being that public sector can create an enabling environment by providing extension services and improving road networks that enable efficient marketing of products. The prevailing innovations in governance arrangement in off -reserve areas could set the tone for public sector active involvement in tree planting to reduce vulnerability and mitigate climate change as well as enhance rural livelihood sources [9] . These include i) 
Factors influencing farmers' engagement
Secure land and tree tenure are also major factors in adopting on-farm tree planting in Africa [6; 3] . In Ghana, farmers with secure rights to land are more likely to plant trees on farmlands [22] . This is confirmed in this study, where majority (98%) of the respondents (with 63% of them being natives) were owners of the land on which trees are planted. Positively, this is an indication that afforestation or reforestation activities can be promoted by the government aiming at mitigating climate change. In contrast, this implies that the farm level tree planting favours natives with ownership rights of land more than migrants who can plant trees only through tenancy (sharecropping) agreements. The issue of people having no secure rights and tenure over the lands and resources affects the possibility of promoting activities in the forest sector that are aimed at mitigating climate change [20] . However, from the study it was realised Samartex has set a tone in facilitating land and tree tenure arrangements in the Asankrangwa Forest District with the chiefs to ensure effective implementation of on-farm tree planting by both native and migrant farmers. main purposes for involving in tree planting at off-reserve areas is for generating revenue from the harvested timber trees, some of the mode of tree planting like the pure stands as observed in the Offinso District have strong potential for climate change mitigation. In choosing to maintain or increase forest area through afforestation and reforestation activities, the efforts of the farmers in the study areas can strongly contribute to climate change mitigation. This is confirmed by the observation by authors such as [15; 10] who have reported that the forest sector contributes to the mitigation of climate change through management strategies which include afforestation and reforestation. Furthermore, it is reported that trees (particularly tree plantations in pure stands) act as long-term reservoirs, which lock up the carbon for decades, in the form of cellulose and lignin [20] . Therefore, such tree plantations have higher potential to enhance carbon sinks and reduce Greenhouse gas The procedures for obtaining harvesting and conveyance permits are lengthy leading to low prices being paid by timber companies to farmers. There is therefore the need for the state forestry agency to review its policy towards enabling local people involved to have secure rights to harvest products of planted trees [8; 23] . Nonetheless, farmers should also be guided to do 1 Carbon sequestration has been denned as the process of removing excess carbon dioxide (CO2) from the atmosphere (3.67 tons CO2 = 1 ton sequestered carbon) [13] .
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Finally, the problem of shade effect has a reflection on the quality of tree-crop mix design in an agroforestry system. It has been reported that "timber trees planted at a distance of 12m x 12m initially (which may be thinned to a spacing of 24m x 24m after sometime), in association with cocoa planted 3m x 3m will ensure good growth conditions for cocoa [1] . This is because although young cocoa trees need high level of shade, since they are more sensitive to light, maturing cocoa trees need substantial volume of light for optimal levels of cocoa productivity and sustainability [11].
Conclusion
This paper provides insight into the governance arrangement and potentials of small-scale tree planting at farm level landscape in mitigating climate change and the challenges thereof.
The study revealed that in the implementation of the on-farm tree planting, the main forestry activities adopted that have the potential in mitigating climate change include development of resilient agroforestry systems, afforestation and reforestation using appropriate crop and tree species with forest management practices. These activities are however, primarily meant to restore the forest cover as well as serving as secure livelihoods sources for the local people involved.
Several challenges adversely affect participants' livelihoods and explain the mixed feelings among farmers about current livelihood outcomes from on-farm tree planting. The main challenges faced include: (i) the fact that farmers are inexperienced because on-farm timber Carbon sequestration has been defined as the process of removing excess carbon dioxide (CO2) from the atmosphere (3.67 tons CO2 = 1 ton sequestered carbon) [13] . tree planting is not based on farmers' traditional farming systems; (ii) financial challenges faced by farmers involved because of lack of income between canopy closure and timber harvesting; and (iii) shade effect of trees on adjacent crops resulting in yield reduction, especially in the Sefwi Wiawso Forest District.
To help improve the implementation of on-farm tree planting, it has been recommended that the public actor (government) need to be actively involved in partnership approach based on cooperation among a wide range of stakeholders.
Furthermore, government need to facilitate the institution of financial mechanisms, particularly Payment for Environmental Services (PES) including REDD+ and CDM projects, from which farmers involved in tree planting can benefit. These steps will boost participating farmers' interest in using their land for investment in tree planting and ensuring the sustainability of the system. This means creation of good stock of carbon sink that has high potential in mitigating climate change, as well as serving as reliable source of livelihoods for farmers involved.
